ANEURYSMS of the aortic sinuses (of Valsalva) are rare and are either congenital or acquired. The acquired types are chiefly due to syphilis or bacterial endocarditis. The congenital aneurysms are thought to be due to a developmental defect in either the aorticopulmonary septum or the elastic tissue of the aortic sinuses.
Morgan Jones and Langley in 1949,' in a classic paper, reviewed the literature; they recorded 43 autopsied cases of aortic sinus aneurysms and added 4 new ones. Venning in 19512 reported 3 additional cases, and Falholt and Thompson in 19533 described a case of unruptured congenital right aortic sinus aneurysm diagnosed by retrograde aortography and increased the number of congenital sinus of Valsalva aneurysms to 34. In 1954, Besabe and associates4 added a case of congenital aortic sinus aneurysm with rupture into the right atrium due to bacterial endocarditis, which also caused embolic gangrene of a foot.
Nineteen cases of syphilitic aneurysm of the aortic sinuses have been reported in the English literature since 1914; the antemortem diagnosis was made only once. However, the advent of contrast visualization of the aorta has made possible the recognition of aortic sinus aneurysms in 9 additional cases.5
In a 10-year period, during which over 2,500 patients were studied by intravenous angiocardiography, 19 cases of unruptured aortic sinus aneurysms have been diagnosed at this center. Seventeen cases have been reported previously and of these, 8 Aided by a grant from the Mallinckrodt Chemical Works. associated with coarctation of the aorta6; 1, with coarctation of the aorta and bacterial endocarditis7; 1 with pseudocoarctation of the aorta8; and 3 with arachnodactyly.9 The 9 acquired cases were due to syphilis: of these, 6 were associated with aneurysms of the ascending aorta; while 3 had aortitis with localization of the aortic sinuses.5
The 19 cases of unperforated aortic sinus aneurysms observed by us form the basis of this report. Experience gained from their study indicates that there are significant clinical clues that should suggest the diagnosis. Confirmation may then be had by angiocardiography. Skynptoms. All the patients with coarctation of the aorta were symptomatic; however, the syim-ptoims were not due to the aortic sinus anieuiysm but to the associated aortic disease. Headache, dizziness, epistaxis, and Jacksonian epilepsy led to physical examination and the diagnosis of coarctation of the aorta in 3; fever and boutts of dyspnea resulted in the discovery of a complicated subacute bacterial endocarditis in the fourth patient.
Two of the patients with arachnodactyly were free of cardio-vascular complaints; the third had sudden onset of chest pain at the age of 47 years, apparently due to the onset of aortic regurgitation and mild heart failure. The patient with pseudlo(oarctatioln complainied of nervousness alIlld backache, piol)al)ly due to a neurotic disposition; while the ninth case, a 7-year-old child, 1was chronically ill with dyspnea and easy fatigability.
lurmnurs. All patients with congenital aortic sinus aneurysms had heart murnmurs. Common to all was a loud, rough (grade 2 to 4) systolic murmur at the apex of the heart, heard all over the precordium and especially to the left of the sterIumIn.7-9 In 3 instances, aortic valvular lesions were also present and produced diastolic and systolic murmurs at the base of the heart.7 9 In the 4 patients with coarctation of the aorta, there were in addition, interscapular bruits due to arterial collaterals. Resection of the coarcted segment and re-aniastomosis of the aorta completely relieved the hypertension and did away with the interscapular murmurs, but the cardiac murmurs were unaltered.
Blood Pressure. Systolic and diastolie hypertension was present in 3 of the patients with coarctation of the aorta; the fourth with aortic regurgitation had a systolic pressure of 190 mm. Hg but the diastolie blood pressure was 0.
Two patients in this group had absent blood pressures in the legs and in 2, the lower extremity pressures were present but diminished. fig. 1 ), only the right aortic sinus was involved. In the cases of coarctation of the aorta, the point of coarctat on, the dilated b)ra(chiio(ephali( and collateral arteiial branches as well as the enlarged left ventricle were clearly outlined ( fig. 1 ). In contrast, in the case of pseudocoarctation ( fig. 2) Symptoms and Signs. As a rule, prior to rupture, aortic sinus aneurysms do not by themselves produce symptoms. Rather, syphilitic involvement of the aortic valvular ring causes aortic insufficiency and heart failure. _Most of our 10 patients were moderately to severely ill; all had aortic incompetence. AortiC diastolic and systolic murmurs, pounding pulses, and wide pulse pressures were usual. In 3, heart failure was present in addition. Pre cordial pain probably due to coronary ostial stenosis occured in several.
Blood Pressure. Prominent features in the reported cases and in our cases of syphilitic aortic sinus aneurysm were systolic hypertension, high pulse pressures, and low diastolic pressures, which were related to the aortic insufficiency. Two of our patients, however, had normal blood pressures.
Electrocardiography. Electrocardiographic examination in 9 living cases showed either left axis deviation or left ventricular hypertrophy. These findings reflect the enlargement of the left ventricle due to aortic regurgitation and hypertension. In 1 patient ( fig. 3 and 4) , there was right axis deviation and first degree heart block. In this instance compression of the pulmonary conus, pulmonary artery, and its right branch by the aneurysm was demonstrated, and is believed to have caused chronic cor pulmonale.5 In the literature, 2 cases also exhibited right axis deviation of the electrocardiogram, but this was associated with perforation of the aortic sinus aneurysm into the lesser circulation. The right axis deviation in those instances was probably due to acute cor pulmonale from the overloading and hypertension of the right heart.5
Roentgenography of Syphilitic Unperforated
Aortic Sinus Aneurysms Conventional Roentgenography. The diagnosis of syphilitic aortic sinus aneurysm can often be made after conventional roentgenography. A large boot-shaped heart due to the large left ventricle caused by the isolated aortic insufficiency was present in all but 1 case. Pulsatile dilatation of the ascending aorta and fusiform or saccular aneurysms of the ascending aorta are other frequent findings. Linear calcification of the aorta is common and has long been recognized as an important sign of syphilitic aortitis."1' 12 When the calcification extends into the intracardiac origin of the aorta and outlines the aortic sinuses ( fig. 5 and 6 ), or becomes massive in this region ( fig. 3 and 4) , the diagnosis of syphilitic aortic sinus aneurysm becomes almost a certainty.
Rarely, a patient with right heart enlargement, right axis deviation of the electrocardiogram, and calcification near the left atrium may be mistaken for rheumatic heart disease with mitral and aortic valvular involvement and left atrial calcification.5 12 However, the presence of linear calcification in the ascending aorta should suggest the syphilitic etiology.
Angiocardiography. Aortic sinus aneurysms
are readily demonstrated by angiocardiography. In the syphilitic, 2 types are recognized: in 7 instances, the aneurysms were continuations of huge fusiform or saccular aneurysms of the ascending aorta (fig. 6 ); in 3, the aneurysms were localized at the aortic sinuses and associated with aortitis ( fig. 4) . In all instances, the syphilitic aneurysms were considerably larger than the congenital types and, therefore, created pressure effects in the surrounding cardiac chambers and great vessels.
In 1 case ( fig. 3 and 4) , the deformity of the pulmonary conus and the pulmonary artery and its left branch was sufficient to cause right ventricular hypertrophy and chronic cor pulmonale.5 In summary, the presence of a syphilitic aortic sinus aneurysm should be suspected whenever a fusiform or saccular aneurysm of the ascending aorta seems to extend into the heart. If, in addition, there is linear calcification of the ascending aorta reaching into the intracardiac origin of the aorta and, especially, if there is linear or massive calcification in the region of the aortic sinuses, the diagnosis of a syphilitic sinus of Valsalva aneurysm becomes almost a certainty. Angiocardiography by outlining the root of the aorta will make the definitive diagnosis and will establish whether the aortic sinus aneurysm is continuous with an ascending aorta aneurysm or localized, producing pressure on the neighboring cardiac chambers and great vessels.
RUPTURE OF AORTIC SINUS ANEURYSMS fig. 1 ) when the aneurysm is localized to a single aortic sinus, approach through the right atrium appears feasible. In our case, surgery of the aneurysm appeared especially dangerous because of the associated aortic regurgitation, coarctation of the aorta, and the recent bacterial endocarditis. However, the patient withstood surgical correction of the aortic coarctation very well.7 Even though congenital sinus of Valsalva aneurysms are paper thin and tend to rupture, surgical repair of the diffuse aneurysmal types of unruptured congenital sinus of Valsalva aneurysms does not seem warranted.
Early diagnosis and treatment of syphilis will prevent aortitis and aneurysms. Evidence is being accumulated that penicillin treatment of aortitis, either simple or complicated by aneurysm, is also beneficial. Of our 10 cases of syphilitic aortic sinus aneurysm, 3 are dead, 3 were lost to observation, and 4 are alive and well and have been under medical care for periods up to 5 years.
The 9 patients with congenital types of aortic sinus aneurysms are all alive. The 4 with coarctation of the aorta had resection of the coarcted segments with complete relief of hypertension after end-to-end anastomosis of the aorta; all but the patient with recent subacute bacterial endocarditis are well and working. One of the 3 patients with arachnodactyly is still troubled by mild congestive heart failure; the other 2 continue to be free of cardiovascular complaints. The patient with pseudocoarctation is also free of cardiovascular symptoms and is working; while the child with the multiple valve disease and heart enlargement remains disabled.
The long-term prognosis of patients with unperforated aortic sinus aneurysms is unknown. However, even though there have been only a few years of observation, the general well being of the majority of our patients suggests that the prognosis is not immediately fatal. Once the aneurysm ruptures, the situation is usually hopeless. Therefore, even though the surgical approach is difficult and hazardous and the circulatory hemodynamics are desperate, an attempt to repair the perforation should be made. 
SUMMARY

